INTRODUCTION
The introduction of the scanning tunneling microsgop.e (STM) has not only provided foithe direct"imaging of electronic and atomic structure on the nanometer level, but has lpened possibilities for the processing and engineering of materials on these same scales. -The ability to provide spectroscopic and specific-atom information on the surface undei investigltion is a key element in providing the precision required to perform processing. on selected regions down to the sindle-atom level. In this paper, the ability of the instrument to pertorm nanoscale processing is reported with the resurts correlated with the spectroscoiric STM information.
These investigations are.perform'ed on the chalcopyrite semiconductor, CulnSerl). This after nanoprocessing with oxygen (light). -positioning occurs. Although a relatively small pattern of the oxygen could be generated along the defect, single atom placement was not attained. The best pattern extends about 100 nm in width, but does cover the region that includes the grain boundary. Because the field generated between the tip and the surface is spatially non-uniform and decreasing radially from the defect under these conditions, the pattern generated is not a dense oxygen coverage. The result can provide an oxygen coverage on the defect that can be imaged on the atomic scale. Figure 1b shows approximately the same region as that contained in Fig. 1a, " Figure 2 shows-th6 nano-EBIC (NEBIC) signal measuredbn the grain boundary of Fig. 1 before oxygen processing. The grain boundary is initially active, as indicated by the change in the NEBIC current through the depletion region provided by the grain boundary. The loss in minority current observed in the unprocessed grain boundary is significantly reduced, with the NEBIC iesponse almost constant over the defect region. The signal has a higher noise content and is somewhat less stable, but the fact is that the large change in the NEBIC current associated with the loss in minority carriers in the defect region has been reduced.
ATOMIC.LEVEL ENCINEERING OF SEMTCONDUCTORS
The capability to change the composition of materials atom-by-atom is technologically significant for the control of the electronic properties of semiconductors and the characteristics of electronic devices. As discussed in the previous sections, the STM The nature of the new tip uses three major design changes: (1) a catheter wire (:-S mil diameter, with a <1 mil coaxial opening) is used to introduce the oxygen gas onto the surface 6). This arrangement confines the oxygen to directly to the region being processed, and allows for better control of the effluence; (D the gas flow through the catheter opening is pulsed so that it is only directed onto the surface when the electronic pulse for processing is applied to the tip; (3) two tips are nanofabricated on the coaxial catheter, separated by several hundred A and electrically isolated from each other.
The first probe, used for imaging, is some 10-304 closer to the surface than the following tip, used for the processing. The operation of this more complex probe arrangement is as follows. The first tip operates as the conventional STM probe, using the same biases and tipsurface separations to provide the imaging. This time scans a region of the semiconductor surface and the image is used to allow the operator to select a specific atomic region (e.9., a Void) for processing. The spatial coordinates of the selected region are fed back to the following processing probe--whose separation from the imaging tip is known exactly. The processing probe is then advanced to the region, and at the defined coordinates, the gas pulse is introduced at the same time the required electrical bias is applied to the tip (also pulsed). Figure 3a shows the atomic region used.to define the nanoprocessing. The void at VA was selected for the introduction ofthe oxygen. In the first attempt, the oxygen atoms were introduced at a location some 4-6 atdmic sites away from the preselected void (seen in Fig.   3b at A) . Som the re-definition of the area provided by the oxygen placement, the area was re-processed. The computer control provides the result shown in Fig. 3b with the oxygen now covering the pre-selected void at VA. This paper presents the first atomic engineering results on a.semiconductor surface. The process involves:
(1) the identification of specific atoms to be removed from the surface; (2) the the removal of those atoms; (3) 
